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ABSTRACT
This project is to design the portable spraying polyurethane machine and analyze the 
design structure and fluid flow inside the spray gun. The current portable spray gun 
use pressurize tank but in this design, peristaltic pump is used to create the pressure 
different to transfer polyol and isocyanate to the spray gun. The suitable devices are
select and the design is draw in Solidworks. Using Fluent the outlet mass flow rate of 
polyurethane are determined for different inner tube diameter and using Algor, the 
casing strength is determined. The maximum mass flow rate for 6mm tube diameter 
is 0.393 kg/s, 8mm is 0.699 kg/s, 10mm is 1.092 kg/s and 12mm is 1.573 kg/s. The 
mass flow rate also increases when the motor speed is increase. With the used of 
AISI 1020 steel as the material, the maximum von Mises stress value for the FEA 
analysis is 3.912 MPa and the maximum displacement occurred at the structure is 
0.0074mm. The spray machine gives more outlet flow rate using larger inner tube 
diameter with higher motor speed. The casing structure is observed as capable to 
support the load on the structure without failure.
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ABSTRAK
Projek ini adalah untuk mereka cipta mesin semburan poliuretana yang mudah 
dibawa dan menganalisis struktur model rekaan dan aliran cecair di dalam pistol 
semburan. Mesin semburan polyurethane yang ada di pasaran sekarang 
menggunakan tekanan daripada tangki tekanan, tetapi  model rekaan ini, 
menggunakan pam peristaltik untuk mewujudkan perbezaan tekanan bagi 
memindahkan polyol dan isosianat ke dalam pistol semburan. Alatan yang sesuai 
dipilih dan model rekaan dilukis menggunakan perisian Solidworks. Perisisan Fluent 
pula digunakan untuk menentukan kadar pengaliran jisim polyurethane yang keluar 
dari pistol semburan untuk diameter dalam tiub yang berbeza manakala ketahanan 
bekas yang menempatkan motor dan pam ditentukan dengan menggunakan perisian 
Algor. Kadar aliran jisim yang tetinggi bagi tiub 6mm ialah 0.393 kg/s, 0.699 kg/s 
bagi 8mm, 1.092 kg/s bagi 10mm dan 1.573 kg/s bagi tiub 12mm. Kadar aliran jisim 
ini juga akan meningkat dengan pertambahan rpm motor. Dengan menggunakan 
keluli AISI 1020 sebagai bahan binaan, nilai tertinggi tekanan von Mises yang 
didapati dari analisis FEA ialah 3.912 MPa dan nilai pembengkokan tertinggi yang 
berlaku pada struktur bekas ialah 0.0074mm. Ciptaan mesin semburan ini akan 
menghasilkan kadar aliran jisim yang lebih tinggi dengan penggunaan tiub yang 
mempunyai diameter yang lebih besar berserta motor yang menghasilkan kelajuan 
yang lebih tinggi. Struktur bekas yang digunakan juga mampu menampung bebanan 
daripada radas yang ditempatkan di dalam bekas tanpa sebarang kerosakkan.
viii
TABLE OF CONTENTS
        Page
TITLE PAGE    i
SUPERVISOR DECLARATION   ii
STUDENT DECLARATION iii
DEDICATION iv
ACKNOWLEGDEMENTS   v
ABSTRACT vi
ABSTRAK vii
TABLE OF CONTENTS            viii
LIST OF TABLES xi
LIST OF FIGURES           xii
LIST OF SYMBOLS             xv
CHAPTER 1    INTRODUCTION
1.1 Introduction 1
1.2 Project Background 1
1.3 Problem Statement 2
1.4 Project Objectives 2
1.5 Project Scopes 2
CHAPTER 2 LITERATURE REVIEW
2.1 Introduction 3
2.2 Polymeric Foam 3
2.3 Polyurethane 5
2.4 Spray Polyurethane Foam 7
2.4.1 Material Storage Handling System 8
ix
2.4.2 Material Feed System 9
2.4.3 Proportioner Pumping System 9
2.4.4 Material Delivery Hose System 10
2.4.5 Spray Gun 10
CHAPTER 3                METHODOLOGY
3.1 Introduction 12
3.2 Design Brainstorm 12
3.3 Design Concept 13
3.3.1 Type of Components Container 13
3.3.2 Type of Device to Generate Pressure Difference 14
3.3.3 Type of Spray Gun 14
3.4 Design Sketching 16
3.4.1 Sketching Idea 1 16
3.4.2 Sketching Idea 2 17
3.4.3 Sketching Idea 3 17
3.4.4 Sketching of Components Inside Spray Machine 18
3.5 Product Design Selection 20
3.6                            Engineering Drawing Using Solidworks 21
3.7                            Fluid Flow Analysis by Using Fluent 22
                                 3.7.1 Define Boundary Condition by Using Gambit 23
                                 3.7.2 Combine the Analysis Part Using T Grid 24
                                 3.7.3 Perform the Analysis Using Fluent 25
3.8                            Structural Analysis by Using Algor 26
3.9                            Summary 27
CHAPTER 4                RESULT AND DISCUSSION
4.1                            Introduction 28
4.2                            Properties of Machine’s Design 28
4.3 Pre Flow Analysis Calculation 29
4.4 Result Obtain by Fluid Flow Fluent Analysis 31
x4.4.1 Result for Tube Diameter 6mm 31
4.4.2 Result for Tube Diameter 8mm 33
4.4.3 Result for Tube Diameter 10mm 34
4.4.4 Result for Tube Diameter 12mm 35
4.4.5 Comparison between Different Tubes Diameter 36
4.4.6 Flow Calculation in Spray Gun 37
4.4.7 Simulations and Calculations Comparison 39
4.4.8 Picture of Contour in Fluent Analysis 41
4.5 Results Obtain by Structural Algor Analysis 43
CHAPTER 5                CONCLUSION
5.1 Conclusion 46
5.2 Recommendation 47
REFERENCES 48
APPENDICES
Appendix A             Additional Pictures of the Design        49-52
Appendix B          Methodology Flowchart             53
Appendix C          Material Data Sheet and Product Catalogue        54-59
Appendix D          Additional Graphs and Tables of Analysis        60-62
Appendix E          Gantt Chart              63
Appendix F          Engineering Drawing of Spraying Machine 64
xi
LIST OF TABLES
Table No. Title         Page
2.1 Highlights of Polymeric Foam Developments   4
2.2 General Applications for Polyurethane Foam   6
2.3 The Output Range According to the Certain Typical Projects   8
4.1 General Properties of Spray Machine’s Design 28
4.2 Calculated Values of Inlet Mass Flow Rate In Different RPM 30
                        For Each Tube Diameter
4.3 Result Values for 6mm Tube Diameter Analysis 31
4.4 Result Values for 8mm Tube Diameter Analysis 33
4.5 Result Values for 10mm Tube Diameter Analysis 34
4.6 Result Values for 12mm Tube Diameter Analysis             35
4.7 Calculated Values for 6mm Tube Diameter Analysis 38
4.8 Details of Structural Analysis Initial Conditions 43
xii
LIST OF FIGURES
Figure No.     Title         Page
2.1 Polyurethane Reaction for Producing Prepolymer   5
2.2 Application and Density chart of Polyurethane Foam   6
2.3 One-shot Process for Production of Polyurethane Foam     7     
2.4 General Equipment of the Spray Polyurethane Foam   7       
2.5(a) Guardian A-series Tier 2 – Pneumatic Proportioner                9
by GlasCraft
2.5(b) Reactor A-20 proportioner by Graco             10
2.6(a) GX-7 Plural Component Spray Gun by Graco 11
2.6(b) LS Gun from GlasCraft             11
3.1 Components Use as the Design Concept for Polyurethane 15
                        Spraying Machine
3.2 Sketching of Design Idea 1             16
3.3 Sketching of Design Idea 2 17  
3.4 Sketching of Design Idea 3       17
3.5 Sketching of Squeezer or Peristaltic Pump        18
3.6 Sketching of Roller inside Peristaltic Pump 18
3.7 Sketching of Spray Gun             19
3.8 Sketching of Inside Conditions When Trigger Is Release 19
3.9 Sketching of Inside Conditions when Trigger Is Pull 20
3.10 Isometric View of Overall Polyurethane Spaying Machine 21
Design
3.11 Close up View of the Peristaltic Pump and Motor in the 22
Casing            
xiii
3.12 Graphics Window of Gambit Software            23
3.13 Isocyanate Part of Spray Gun Analysis             23
3.14 Polyol Part of Spray Gun Analysis             24
3.15 Outlet Part of Spray Gun Analysis              24
3.16 Combine Model of the Spray Gun Analysis                        25
3.17 Method to Read the Analysis Mesh File 25
3.18 Working Window of Fluent Software             26
      
3.19 Model of Structural Analysis In Algor 27
4.1 Graph Mass Flow Rate Vs RPM for 6mm Tube Diameter 32
4.2 Graph Mass Flow Rate Vs RPM for 8mm Tube Diameter 33
4.3 Graph Mass Flow Rate Vs RPM for 10mm Tube Diameter 34
4.4 Graph Mass Flow Rate Vs RPM for 12mm Tube Diameter 35
4.5 Graph Mass Flow Rate Vs RPM for Different Tubes Diameter 36
4.6 Graph Mass Flow Rate Vs Motor Speed for Simulation and 39
Calculation
4.7 Graph Velocity Outlet Vs Motor Speed for Simulation and 40
Calculation
4.8(a) Pressure Contour for 6mm Tube Diameter of 100 rpm 41
4.8(b) Pressure Contour for 8mm Tube Diameter of 100 rpm 41
4.8(c) Pressure Contour for 10mm Tube Diameter of 100 rpm 41
4.8(d) Pressure Contour for 10mm Tube Diameter of 100 rpm 41
4.9(a) Velocity Contour at Outlet for 6mm Tube Diameter of 100 rpm 42
4.9(b) Velocity Contour at Outlet for 8mm Tube Diameter of 100 rpm 42
4.9(c) Velocity Contour at Outlet for 10mm Tube Diameter of 100 rpm 42
4.9(d) Velocity Contour at Outlet for 12mm Tube Diameter of 100 rpm 42
4.10 General View of the von Mises Stress in Casing Structure 43
xiv
4.11 Close-up View of von Mises Stress In Casing Structure 44
4.12 Nodal Displacement Diagram of Casing Model 45
xv
LIST OF SYMBOLS
3D - three dimensions
AISI - American Iron and Steel Institute
CAD - Computer Aided Design
CFD - Computational Fluid Dynamics
FEA - Finite Element Analysis
kg - kilogram
mm - millimeter
PUR - polyurethane
rpm - revolution per minute
s seconds
U.S. - United States
- area
- mass flow rate
ø - diameter
ρ - density
- radius
- linear velocity
ω - angular velocity
CHAPTER 1
INTRODUCTION
1.1 INTRODUCTION
This chapter discussed about the project background, problem statement of 
the project, objectives of the project and the scope of the project.
1.2 PROJECT BACKGROUND
Polymeric foam is becoming very important to human community. This foam 
started in flotation and packaging materials back in 1970s. Then, the further 
development to this polymeric foam results in a variety of application such as in the 
construction, automotive, medical devices and so on [3].
One of the important polymeric foam is polyurethane. One of the benefits of 
polyurethane is the versatility. Insulation, automotive, furnishing and packaging is 
some examples of polyurethane applications [7].
The polyurethane spraying machine operates by mixing two types of 
components, polyol and diisocynate in the spraying gun to produce the desirable 
polyurethane foam. Certain physical characteristic of the polyurethane foam can be 
achieved by controlling the ratio of the two components. There are also portable 
spray polyurethane foams available in the market. Generally, it has several common 
characteristic; simple, portable, fixed polyurethane characteristic and no power 
supply need to operate the machine [8].
2The project involve in designing and analyzing the polyurethane foam-
spraying machine. In the current market, to feed the components to the spray gun, 
conventional pump or pressurize tanks for the components are used but for this 
project, squeezer or peristaltic pump will be used to replace pump or pressurize tank 
[8].
1.3 PROBLEM STATEMENT
Polyurethane spraying machine currently use conventional pump for heavy 
industrial applications so the equipment is fixed and difficult to change its position. 
The portable polyurethane spraying machine used pressurized tank as its components 
tank so it need to changed the tank frequently as the components finish.
1.4 PROJECT OBJECTIVES
The objectives of this project are:
i. To design a small and portable polymeric foam spraying machine.
ii. To analyze the design structure and fluid flow of the chemicals in the 
spraying machine.
1.5 PROJECT SCOPES
The scopes of this project are:
i. To use polyurethane as the polymer for the spraying machine.
ii. To design the spraying machine by using Solidworks.
iii. To analyze the design structure of the machine by using Algor.
iv. To analyze the fluid flow of the chemical mixture by using Fluent.
CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
Review about this topic is necessary because it is the main part of the 
spraying machine. Polymer can be defined as a natural or artificial substance 
consisting of large molecules that are made from the combinations of small simple 
molecules [1]. In other words, polymer can be known as macromolecules, which 
composed of giant organic molecules. Besides synthetic origin, there are also natural 
polymers, which are very important to human being such as enzymes, proteins, 
DNA, starch and cellulose. In daily life, the high strength and toughness combined 
with low weight and simple processing make it suitable to utilize in the polymer 
materials. Clothing, building, automotives, electronics, the material contain polymers 
as their components prove the importance of polymers [2].
2.2 POLYMERIC FOAM
Polymeric foam possesses unique physical, mechanical and thermal 
properties, govern by the polymer matrix, the cellular structure and the gas 
composition. Different polymers have different types of properties so it depends on 
the processing system to accommodate it. The unique properties of several of the 
foams have made it very important to industry, as it is useful for many possible 
applications [3].
4Table 2.1: Highlights of Polymeric Foam Developments [3]
The advance improvements in last several decades prove the importance of 
the polymeric foam to the world [3].
There are many types of polymer such as Epoxy, Fluoroplastics, Polyacetal, 
Silicone, Polyurethane and many more [4] but for this project, Polyurethane will be 
the polymer that will be analyze.
52.3 POLYURETHANE
Professor Dr. Otto Bayer from Leverkusen, Germany first invents this special 
foam back in 1937 [5]. The formation of polyurethane is basically formed by 
reaction of two main components, which is by reacting a polyol with a diisocyanate 
in the presence of suitable catalysts and additives [6]. In commercial practice, 
toluene diisocyanate and polypropylene glycol (PPG) is use to produce one of the 
most common Polyurethane [7]. Figure 2.1 below shows the chemical reaction to 
produce the polyurethane. 
Figure 2.1: Polyurethane Reaction for Producing Prepolymer [7]
Polyurethanes exist in several forms such as flexible foams, rigid foams, 
chemical-resistant coatings, specialty adhesives and sealants, and elastomers [6]. The 
applications for polyurethane foam are describe briefly in the Table 2.2 below.
Table 2.2
The rigidity of the Polyurethane Foam is independent of the density as it can 
foam into a wide density range
view.
Figure 2.2: Application and Density chart of Polyurethane Foam
: General Applications for Polyurethane Foam 
[3]. It is visualize as the Figure 2.
6
[3]
2 below for easy 
[3]
7Figure 2.3: One-shot Process for Production of Polyurethane Foam [3]
2.4 SPRAY POLYURETHANE FOAM
Spray Polyurethane Foam is the reacted product of two components that are 
mix and spray to a substrate. The two components or the chemical are the same as 
stated before which are the diisocyanate and polyol. The components physical 
characteristics such as temperature, viscosity and material ratio needed to be known 
as it is important to make sure the spray polyurethane foam function properly [8].
Figure 2.4: General Equipment of the Spray Polyurethane Foam [8]
8In order to prevent the spray polyurethane foam from catastrophe, such as 
plugged and blocked, the diisocynate and the polyol should be kept separately. They 
should only mix in the spraying gun. Before choosing the type of equipment used in 
the spray machine, considering the output range of the project should be estimate is 
necessary [8].
Table 2.3: The Output Range According to the Certain Typical Projects [8]
Market Typical Projects Output Range
Residential, light 
commercial, light 
industrial
Residential insulation, 
small tank insulation, 
small roof spray adhesive, 
etc.
Up to 7 kg/min (15 
lb/min)
Large residential, 
commercial, industrial
Roofing, residential 
insulation, medium tank 
insulation, large roof spray 
adhesive, etc.
Up to 14 kg/min (30 
lb/min)
Heavy commercial, heavy 
industrial
Large roofing, large tank 
insulation, etc.
Up to 21 kg/min (45 
lb/min)
OEM (Original Equipment 
Manufacturer)
Boat floatation, spa 
insulation, specialty 
molding, manufactured 
housing, insulated 
consumer products
Up to 27 kg/min (60 
lb/min)
Generally, there are five main elements to consider in the spray polyurethane 
foam; material storage and handling system, material feed system, proportioner-
pumping system, material delivery hose system and the spraying gun [8].
2.4.1 Material Storage Handling System
This system stores and moves the polyol and diisocyanate according to 
application. The material storage must be able to store the components within the 
temperature ranges of the components. There are two types of feed, obviously, to 
feed the polyol and diisocyanate; direct from containers and feed from the tanks [8].
92.4.2 Material Feed System
The purpose of the feed system is to deliver the polyol and the diisocyanate to 
the proportioner at suitable volume and pressure to overcome cavitations. The system 
usually consists a pump for each component and a hose. As an alternative, it can feed
the proportioner by controlling the pressure itself from the feed tank [8].
2.4.3 Proportioner Pumping system
This is where the Spray Polyurethane Foam is important. The proportioner is 
design to meet these four objectives:
1. Proportion the polyol and diisocyanate in the appropriate ratio;
2. Pressurize the polyol and diisocyanate so they will mix properly in the spray 
gun.
3. Move the polyol and diisocyanate at the desired output to the spray gun.
4. Heat the polyol and diisocyanate so that viscosities allow for proper mixing 
in the spaying gun.
Figures below show some of the proportioner available in the market.
Figure 2.5(a): Guardian A-series Tier 2 – Pneumatic Proportioner by GlasCraft 
